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I. INTRODUCTION 
The interest for pilotless aviation is increased at 
almost all developed countries recent years. Due to the 
revolutionary development of a number of technical 
areas the unmanned aerial vehicles (UAVs) have 
become an effective tool to solve the tasks of wide 
range. The UAV had mostly military designation up to 
the present, however new civil tasks, which can be 
resolved successfully by UAVs are occurred. Thus 
UAVs gain popularity as an easy and inexpensive tool 
for research, reconnaissance, aerial survey. In Ukraine, 
as well worldwide the works for implementation the 
UAV are being developed in the environmental and 
agricultural areas, as well as for various tasks of terrain 
monitoring at emergency situation areas. [5].  
II. PROBLEM STATEMENT 
In practice, the single UAV is used usually, in turn, 
it leads to low efficiency of task performance, 
especially concerning large areas. These limitations are 
caused by limited coverage of the UAV’s sensory 
systems. 
The advantage of using UAVs group becomes 
evident in the tasks where parallelization of difficult 
task for several vehicles is possible, e.g. in the task of 
monitoring large areas in a short time, which is a 
problem when using a single vehicle. 
To achieve this goal the UAV group should act as 
whole object and the actions of each individual UAV 
should be directed to the largest group effect. For this 
purpose it is proposed the UAV group performing a 
single goal to consider as the multi-object dynamic 
system (MDS). 
The MDS is interpreted as a set of objects (UAVs) 
combined in the physical sense of the task. 
With many advantages of UAV group use there are 
a number of problems arising from the need to organize 
its collective behavior for solving common  
 
technological task. One of these problems is to create 
algorithms for the organization of effective interaction 
between the UAV at all hierarchy levels at which the  
ultimate goal is achieved (or target condition) in 
minimum time and at minimal cost. 
The aim of this work is to apply the scenario-based 
approach to the MDS control. 
III. THE SCENARIO-BASED APPROACH FOR CONTROL OF 
MULTI-OBJECT DYNAMIC SYSTEM MOTION 
In this paper four-engined aircraft with vertical 
thrust vector or quadrocopters are considered as the 
objects of the MDS. Since quadrocopters are unstable 
objects of control [8], the main problem arising when 
creating the multi-object control strategy is to achieve 
sustainable movement of MDS to a specific point in a 
space. 
The quadrocopter is a type of aircraft with four 
rotors, driving by four motors at rate of rotation Ω1, 
Ω2, Ω3, Ω4, installed in the UAV center of mass M on 
two intersecting crosswise metal beams, rotating in 




Fig. 1. Quadrocopter’s body-fixed reference system  
To synthesize the top-level control strategies it is 
necessary to build a mathematical model of the 
quadrocopter considered as a solid body. Suppose that 
the quadrocopters contained in the group have the same 
design and inertial specifications, with the center of 
mass of each robot is located at the intersection of the 
beams, on which the rotors are secured [6]. The 
quadrocopters group motion mode will be described by 
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where 
kx , ky , kz - center of mass coordinates of k- 






Vz - projections of 
k- quadrocopter linear velocity; 
kθ , k , kψ - k- 
quadrocopter angle of pitch, roll angle and yaw angle; 
k
θω - k- UAV pitch rate; 
kω - k- UAV rate of roll, kψω - 








U4 - k- UAV 
control channels; 
k
- k- UAV overall speed of four 
rotors; m  – quadrocopter mass; xxI , yyI , zzI – 
moments of inertia around the Xz, Yz и Zz axis; ТРI - 
total rotational inertia moment around the rotor axis. 



















































































4321 .  (13) 
where l -  distance between quadrocopter’s center and 
rotor’s center, b- и d- thrust aerodynamic component 
and coefficient of air resistance. 
One task of the group control is to build the 
UAVs flight formation for the ordered flight from 
one location to another. Another task is the 
distribution of a defined configuration in the space 
what the UAVs group will arrange for the specific 
task. 
Suppose the group R of n quadrocopters  
∈rk  R (
____
= n1,k ) flies in the air at arbitrary 
position at some time (fig. 2.1). Also, UAVs can be 
different from each other by flight direction (heading) 
and speed. 
In order that the quadrocopters group arranges 
some configuration in space it is necessary to 
distribute the UAVs group to positions of the flight 
formation. 
The flight formation is intended for consolidated, 
coordinated flight of UAVs group, as well as for the 
collective execution of the assigned task. The flight 
formation is specified as the coordinates of the target 
points in the absolute fixed-in-the-earth coordinate 
system. 
The task of transition to the selected flight 
formation is to order the UAVs group from an 





. The state variables of k- 
quadrocopter are its coordinates in space 
kx , 
ky , kz , its current speed, acceleration, angles of roll 
k
, pitch 
kθ  and yaw kψ  and remaining board 
energy reserves. 
In this case the UAVs may be arranged in the 
space arbitrarily, so the main goal that they were 
located in a limited area and have a similar speed at 
distribution time and direction vector of speed was 
situated within the predetermined heading 
ψψk ≤± , where kψ - heading of k- UAV; ψ - 
specified heading of the flight formation; - some 
angle of k- UAV heading permissible deviation 
relative to heading of the flight formation ψ . 
Deviation of k- UAV heading 
kψ  from ψ  is denoted 
as ≤k  (
____
= n1,k ), where n - number of UAVs 
in the group (fig.2). 
When the MDS transits to the specified flight 
formation, it is important how to set the flight 
formation, what "relationship" should be between the 
flight formation and the MDS before distribution, at 
the time of distribution and after distribution, when 
the UAVs are beginning to arrange a specified 
locations.  
To arrange the UAVs in the specified flight 
formation we will use the scenario approach based on 
the criteria of smallest total movement. 
This approach will provide the minimization of 
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k x....,xxx ,=  (
____
= n1,k ). 
We consider a scenario-based approach to control 
the movement of MDS in the flight formation. The 
kernel of this method is to find such combination of 
"UAV - target" in order to the lowest result will 
reached at summation all distances received after the 
distribution. This is known as "classical assignment 
problem" [6].  
To find the solution the relative position of 













where each element ijd - matrix 0D  represents the 
distance between quadrocopters ir  and jr  in the 
current instant of time. 
Each quadrocopter ∈ri  R have available the 
data of eigenstate 
0
ix , as well as information of 
distances ijd ( j≠i,=j,
____
n1,i ) between 




Each quadrocopter ∈ri  R can modify 
coordinates 
kx , ky , kz  of own position in space, 
depending on the input controls 
k
U  in accordance 
with the mathematical model (9-13). 
The target formation position (target formation) 
of quadrocopters group is a set of Q  target positions 
Qq ∈  
____
=( N)1,μ  of separate quadrocopters. 
Each target position of quadrocopters Qq ∈  is 
characterized by ),,( zyxp
____
=( N)1,μ . 














where each element ijd  of matrix fD  represents a 
distance between the coordinates ip  и jp  of target 
position iq  и jq  in the required formation. 
The formation task is to define such sequence of 
controls (control vector function) 
[ ]
NU,..,UU 21 U,=  which implementation leads the 
group of quadrocopters from the starting position, 
specified matrix of distances 0D  in proper formation 
position specified by matrix fD  at minimum time. 
On the basis of this matrix the required 
configuration of the allocation is searched. The 
scenario-based approach is used to allocate the UAVs 
group on target points of the UAVs flight formation 
with the smallest total value of path lengths. 
Distance matrix )( nD f  serves as a basis, 
where n- the number of UAVs in the group,  - the 
number of target points in the flight formation, 
configuration n= . Values of matrix ijf qD  - is 
the shortest distance between j- UAV and i- target 
point in the flight formation configuration. 
222 )()()( jijijiij zzyyxxq , 
where iii zyx ,, - coordinates of i- target point in the 
flight formation configuration; jjj z,y,x - current 
position of j- UAV.  
To provide this approach it is necessary to 
determine the distribution center of flight formation. 
For this purpose, the center of mass calculation 










L ,   (14) 
where ir - radius vector of i- target point of UAV in 
flight formation configuration, im - mass analog , in 
this instance is a factor, which value changing allows 
to influence the position of "flight formation center of 
mass" regarding the i- target point. In this case, it is 










The next step is to combine the centers of mass of 
specified configuration of UAVs flight formation 
(fig. 2, b) and UAVs group (fig. 2, а) along two axes 
зX  and зY  as well along axis зZ  in the direction of 
set heading . 
The scenario-based approach will consist of two 
stages. 
First stage. The extreme-point solution is formed 
at the first stage as follows. 
According to available matrix 
fD  minimum 
estimation ),1()min(
_____
miqijj  is selected for 
each j- UAV starting with j=1. After selecting the 
corresponding row i will no longer take part in the 
formation of the extreme-point solution. Further, such 
this procedure is performed for j = 2 and so on. This 
method of setting the extreme-point solution will 
reduce the number of steps to improve the 
generalized plan (algorithm) in the future. Once the 
extreme-point solution is formed, proceed to the next 
step. 
Second stage. At this stage, the extreme-point 
solution for the pair of j- and k - UAVs is optimized. 
The lowest distance value is retrieved relative to the 
extreme-point solution for the first UAV in the first 
column of the matrix fD . If such is found in n- row, 
the value of the other k- UAV standing on n- row, 
should jump to the row where there was value of first 
UAV, thus the transposition improve overall solution. 
If there is no improvement, the transposition is not 
fixed and the current status of the allocation remains 
in the former state. 
Next, the same procedure is performed for the 
second UAV, where the smallest value of the 
distance is retrieved and the initial solution is 
optimized in the same manner. This procedure is 




Fig.3. The UAVs group flight paths to the target configuration 
The condition for the end of the UAVs allocation 
algorithm to the target point in the flight formation is 
absence of new transpositions in an iterative 
optimization of the solution. 
IV. CONCLUSIONS 
This paper proposes the scenario-based approach 
to control the multi-object dynamic systems motion 
for the cases where the relative position of the objects 
relative each to other plays a primary role. 
The proposed approach will allow generating the 
required configuration of UAV flight system 
formation at minimum evolutions and intersections 
on the planned paths, as well provide ample 
opportunities for MDS practical application to search 
for fires, pollution, etc., mapping, search for people 
on land and water, use in military service. 
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